Sand bluestem [Andropogon gerardii var. paucipilus (Nash) Fern.] and prairie sandreed (Calamovilfa long$olia Hook.) are native, sod-forming, warm-season, tallgrasses commonly found on sandy rangeland sites throughout the central Great Plains. The rhizomatous growth characteristic of these grasses enhances stabilization of sandy soils. In the Nebraska Sandhills, these grasses are recognized as key species in grazing programs because of their abundance, yield potential, and complementary distribution of herbage production during the growing season. Prairie sandreed begins growth earlier in the spring, but sand bluestem provides high quality forage longer during the growing season (Burzlaff 1971) .
Early settlers in the Nebraska Sandhills found that following cultivation the coarse textured soils soon became unproductive and prone to erosion (Burzlaff 1962) . Despite earlier failures, conversion of rangeland to cropland in the Sandhills during the 1970's was stimulated by high grain prices, prediction of increased demand for grain, and plentiful groundwater that could be applied with center pivot irrigation systems (Miller 1989) . Presently, crop Authors are range scientist and supervisory research geneticist, USDA-AR& Dept. of Agronomy, University of Nebraska, Lincoln 68583; associate professor, Department of Agronomy, University of Nebraska, Panhandle Research and Extension Center, and extension agent West Central District.
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production on most of irrigated land in the Sandhills is not protitable. Much of the cropland in this region has been abandoned and designated as highly erodible and suitable for enrollment in the Conservation Reserve Program established by the 1985 Farm Security Act. Consequently, this cropland is in need of revegetation with adapted perennial grasses. Sand bluestem and prairie sandreed are among the few grasses recommended to revegetate abandoned or highly erodible cropland on sandy soils in the central Great Plains (USDA 1980) . Grasses used to revegetate sandy sites must be adapted to the environment and able to establish rapidly to minimize soil erosion. The objectives of this study were to determine which grass was superior for revegetation and stabilization of sandy sites and if application of atrazine at planting enhanced grass establishment.
Materials and Methods
Eight plantings were made from 1985 to 1987 to compare sand bluestem and prairie sandreed establishment at locations in eastern, northcentral, and western Nebraska (Fig. 1) . These locations were chosen to represent the wide diversity of site and climatic scottsbluff CO. conditions encountered in the central Great Plains. Three plantings were established under irrigation and 5 under dryland conditions. Three of the dryland plantings were made to determine the influence of atrazine [6chloro-N-ethyl-N'-(l-methylethyl)-1,3,5-triazine_2,4diamine] , applied at planting, on grass establishment. Each planting represented a separate experiment and was designed as a randomized complete block. Grasses were planted at 430 pure live seed/ m2 in clean tilled seedbeds at a depth of less than 2 cm. Precipitation occurring at each site during the experiments is shown in Figure 2 .
Establishment with Irrigation
Three experiments were conducted where sprinkler irrigation was used during grass establishmenr (Table 1) . Experiments 1 and 2 were conducted at the Rock and Brown County Research and Demonstration Farm 7 km west of Bassett, Neb. The grasses in experiment 1 were planted with a single row cone-drill in plots composed of two, 4.6 m long rows spaced 30 cm apart. Plots were mowed and treated with atrazine at 2.2 and 1.1 kg active ingredient (a.i.)/ ha on 21 May 1986 and 4 June 1987 to reduce weed interference. Grasses evaluated in experiment 2 were planted in 4.6 X 1.2-m plots with a seven-row drill with an 18cm spacing between rows (Table 1 ). These plots were mowed then sprayed with 2.2 kg a.i.1 ha of atrazine on 4 June 1987. Four replications of each cultivar were planted on each date. Grass stands were irrigated by a center pivot system May to September with 388,300, and 338 mm of water in 1985,1986, and 1987, respectively . About 15 to 20 mm of water was applied each week during this period each year. Nitrogen fertilizer was applied on 20 May 1986 at 67 kg N/ha and 12 May 1987 at 78 kg N/ha to plots in experiments 1 and 2, respectively.
Six replicates of each grass cultivar evaluated in experiment 3 were planted at the Panhandle Research and Extension Center Farm 7 km east of Mitchell, Nebr., located in Scottsbluff County. The grasses were planted in 4.6 X 1.2-m plots with a six-row drill with a 22-cm spacing between rows (Table 1 ). The study site was sprinkler irrigated every 2 weeks with 50 mm of water from 1 June
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to 3 1 August 1986 and 1987. Plots were weeded by hand during the summer of 1986 and 1987 and mowed in the fall of both years to remove standing herbage.
Dryland Establishment
Experiment 4 was conducted at an unirrigated site close to the location of experiments 1 and 2 in Rock County (Table 1) (Table 1 ). Six replications of each cultivar were planted with a seven-row drill in 4.6 X 1.2-m plots. On 26 June 1986 2,4-D was applied at a rate of 1. I kg a.i./ ha to control broadleaf weeds. On 8 May 1987 a combination of alachlor was applied at rates of 2.2 kg a.i.1 ha and 9.0 g a.i./ ha preemergence, respectively, to reduce annual grass and broadleaf weed interference. Nitrogen fertilizer was applied at 110 kg N/ha on 30 April 1987.
Dryland Establishment with Atrazine
Experiment 6 and 7 were conducted near Bassett, Nebr., and experiment 8 was conducted near Mead, Nebr. The grasses were planted with a 7-row drill and plot sizes were 5.5 X 2.4 m and 6 X 2.4 m at sites near Bassett and Mead, respectively. Atrazine was applied within 2 days after planting at a rate of 2.2 kg a.i. I ha to half the plots of each species. These experiments were designed as randomized complete blocks arranged as split plots with 4 replications. Grasses were main plots and herbicide treatments were subplots.
Plots planted in 1986 were mowed the spring of 1987 to remove herbage standing crop from the previous year. Plots planted in 1987 were sprayed with a combination of 2.8 kg a.i./ha metolachlor, 1.1 kg/ ha 2,4-D, and 16g/ ha chlorsulfuron on 24 May 1988 to reduce weed interference. In each experiment, all plots were fertilized with 110 kg N/ha in early May the year following planting.
Grass Establishment Determination
Establishment success was determined by measuring herbage dry matter yield and frequency of occurrence of the seeded grasses. With the exception of experiment 2, herbage yields were determined by harvesting after grasses had headed 1 or 2 years after planting (Table 1) . A sickle bar mower was used in experiments 1, 3,4, and 5, to cut a 0.6-m wide swath the length of each plot to a 5 cm stubble height. Only the planted grasses were collected and weighed. Herbage subsamples were weighed before and after oven drying to determine dry matter content. In experiments 6,7, and 8 herbage yields were determined by clipping the planted grasses to a 5-cm stubble height within two 0.25-mr quadrats placed over the center 3 rows within each plot. Grasses were collected, oven-dried at 60" C for 72 hr, and weighed.
Frequency of seeded grasses was determined once during the period between late summer and early fall 1 or 2 years after planting (Table 1) . Frequency was measured because it integrates 2 attributes of vegetation, pattern and abundance, which were important to evaluate when determining establishment of the seeded grasses (Goldsmith and Harrison 1976) . Frequency measurements in experiments 1 through 5 were determined using a 75 Tultivars planted were "Goldstrike sand bluestem (GS), 'Garden'sand bluestem (GA), 'Goshen' prairie sandreed (GO), and 'Pronghorn' prairie sandreed (PN). 'Year herb&e dry matter yield and frequency of planted grasses were determined. *Herbage dry matter yield not determined.
X 75-cm metal frame partitioned into twenty-five, 15 X &cm portions (Vogel 1987) . The metal frame was placed over the center row at 2 locations within each plot and number of 15 X 15-cm portions containing at least 1 seeded grass was recorded. In experiments 6,7, and 8 the occurrence of at least 1 of the seeded grasses in 20, 5 cm long by 18 cm wide portions was recorded along 4 randomly selected l-m row segments (Sampson and Moser 1982, Griffin et al. 1988) . Using a quadrat subdivided into several units measured local frequency (Kershaw and Looney 1985) . Herbage yield and grass frequency measurements taken 1 or 2 years after seeding were used to evaluate establishment of sand bluestem and prairie sandreed. Since experiments 1 through 5 were designed as separate experiments and location effects in experiments 6,7, and 8 were significant (p<O. lo), herbage yield and grass frequency data from each experiment were analyzed separately using the general linear model procedures within the Statistical Analysis System (SAS) (SAS Institute Inc. 1985) . Orthogonal contrasts and F-tests were used to evaluate treatment effects and Fischer's protected LSD (PCO.05) was used to compare treatments means in experiments 6, 7, and 8.
Results and Discussion

Establishment with Irrigation
These studies were conducted because sprinkler irrigation systems often remain operable on abandoned or highly erodible cropland'sites until perennial grasses are established. Sand bluestem established better stands than prairie sandreed at all irrigated sites (Table 2) . Launchbaugh (1966) (1970) reported that 10 to 20 plants/m*, comparable with 25 to 50% stands in these experiments, were needed for grass establishment to be considered a success in the central Great Plains. Based upon these criteria, all of the irrigated sand bluestem plantings were successful, but prairie sandreed was only successfully established in experiment 3. Weed interference and rust-induced reduction in plant vigor may partially explain poor prairie sandreed stands and yields in experiments 1 and 2. Frequent irrigation during the late spring and summer of 1985,1986, and 1987 promoted weed growth and could have favored rust development. Irrigation probably hindered rather than enhanced prairie sandreed establishment in these experiments.
and Launchbaugh and Owensby
Dryland Establishment
Sand bluestem stands were better than prairie sandreed stands in experiments 4 and 5, regardless of cultivar (Table 3 ). According to grass stand establishment criteria developed by Launchbaugh (1966) , sand bluestem established successfully at both sites. Yield of Pronghom prairie sandreed was similar to Goldstrike sand bluestem in Saunders County, but it was less than both sand bluestem cultivars in Rock County. Low yield and poor stand establishment of Goshen prairie sandreed probably resulted from low plant vigor caused by rust infestation. Regardless of heavily infested with rust than Goshen prairie sandreed on the dryland sites as compared to Pronghom prairie sandreed or the 2 sand bluestem cultivars (data not shown). Pronghom prairie sandreed was found to be less susceptible to rust (Puccinia amphigea) infection than Goshen prairie sandreed (Anonymous 1988) . Pronghorn prairie sandreed plantings were successful, but yielded only 16 to 53% as much as the sand bluestem cultivars (Table 3) .
Drylnnd Establishment with Atrazine
These studies were conducted because sand bluestem may be tolerant to atrazine applied at time of planting. The herbicide product label indicates that atrazine can be applied to big bluestem (Andropogon gerardii Vitman var. gerardii Vitman), of which sand bluestem is a botanical variety (Stubbendieck et al. 1985) , at time of planting. Atrazine reduces weed interference and enhances establishment of tolerant warm-season perennial grasses (Martin et al. 1982) .
Sand bluestem frequency of occurrence was generally greater than that of prairie sandreed in experiments 6,7, and 8, (Table 4) . According to Launchbaugh's (1966) criteria for successful grass establishment, i.e., 10 to 20 plants/m*, which is comparable to 20 to 40% stands in these experiments, all sand bluestem plantings were successful, except for experiment 6 where atrazine was not applied at planting. In contrast, acceptable stands of prairie sandreed were established only in experiment 7.
Herbage yield of sand bluestem exceeded prairie sandreed only when atrazine was applied at planting in experiments 6 and 8. However, sand bluestem consistently established better stands and yielded more than prairie sandreed in experiment 7 where grasses were planted in 1987, regardless of atrazine treatment.
Establishment of prairie sandreed appeared to be unaffected by atrazine application. Bahler et al. (1984) reported that prairie sandreed survival decreased following applications of 1.1,2.2, and 3.4 kg a.i./ ha of atrazine the year of planting when compared to untreated plants. They ranked prairie sandreed seedlings intermediate in tolerance to atrazine. In our study, the differential response of sand bluestem and prairie sandreed to atrazine may have been caused by inherent differences in seedling vigor and tolerance to the herbicide.
Differences between yield and frequency of grasses planted in experiments 6 and 7 probably resulted from different levels of weed interference the year of seeding. The site planted in 1986 supported a poor stand of low vigor alfalfa (Medicago s&vu L.) and smooth brome (Bromus inermis Leyss.) that was heavily infested with annual broadleaf and grass weeds prior to seedbed preparation. In contrast, the site planted in 1987 probably had less residual weed seed than the site seed in 1986 because it previously supported a native perennial grass community at a late seral stage with few weeds. The effect of weed interference, resulting from residual weed seed, on the establishment of sand bluestem and prairie sandreed is apparent in the positive response of sand bluestem stand to atrazine in 1986 but not in 1987. Sand bluestem establishment, as measured by stand and/or yield, was superior to that of prairie sandreed on several irrigated and dryland sites in Nebraska. The wide diversity of sites used in these experiments encompass most environmental conditions encountered on sandy sites in the central Great Plains. Based on these findings, sand bluestem should be the dominant component in seed mixtures used to revegetate and stabilize sandy soils in the central Great Plains. Despite poor establishment, prairie sandreed should remain a minor component of seed mixtures planted on these sites because upon establishment it effectively stabilizes sandy soils and it is of ecological significance as a co-dominant in sandy rangeland plant communities (Burzlaff 1962) .
Atrazine can be applied when sand bluestem is planted if severe weed interference is anticipated. Most sandy sites requiring revegetation will be abandoned or marginal cropland at an early seral stage, so significant weed interference should be expected. This research indicates that atrazine had no effect on prairie sandreed establishment. Bahler et al. (1984) indicates that prairie sandreed seedlings have an intermediate tolerance to atrazine so it may be of use to reduce weed interference. However, research is needed to determine appropriate rate(s) and time(s) of application. Based on current information, atrazine should not be applied at time of planting when prairie sandreed is a component of the seed mixture to be planted.
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